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Abstract
Introduction
Liver cirrhosis is an irreversible and end-stage disease. It results from chronic liver damage characterized by
the replacement of normal liver tissue by fibrosis, leading to the progressive loss of liver function. Making an
early diagnosis of cirrhosis is important for patients with chronic hepatitis because early antiviral therapy
can prevent the progression of cirrhosis and even induce regression. There have been efforts to develop
surrogate markers for liver cirrhosis as the biopsy is invasive, costly, and difficult to standardize.

Methods
This was a cross-sectional study conducted at the Section of Chemical Pathology, the Department of
Pathology and Laboratory Medicine in Collaboration with the Section of Gastroenterology, Department of
Medicine, the Aga Khan University, from January to December 2018. A total of 90 patients (>18 years of age)
with a history of chronic viral hepatitis, who were attending the FibroScan® (Echosens, Paris, France) clinic
were included. Patients with a history of autoimmune liver diseases and hepatocellular carcinoma were
excluded from the study. Blood samples withdrawn were analyzed on ADVIA Centaur® (Siemens
Healthineers, Erlangen, Germany), and Forns scores were calculated based on the following four parameters:
patient age, total cholesterol, gamma-glutamyl transferase (GGT), and platelet count.

Results
The median age of the patients was 38.5 years [interquartile range (IQR): 21]. Among the study population,
59 (65.6%) were males and 31 (34.4%) were females; 26 patients showed reactivity for hepatitis B surface
antigen (HBsAg), and 63 patients were found chronic with hepatitis C virus (HCV). The proportion of HCV
was observed to be higher as compared with that of Hepatitis B virus (HBV). Nineteen patients were found to
have jaundice and only one patient had ascites. An Area Under the Receiver Operating Curve (AUROC) was
generated to determine the diagnostic accuracy of the Forns score. It was observed that the Forn score value
of >7.110 had an AUROC of 0.9928 (95% CI: 0.9821-1.003, p-value: <0.001) with a sensitivity of 100% (95%
CI: 91.19-100.0%) and specificity of 94% (95% CI: 83.45-98.75%), with a higher positive likelihood ratio of
16.67.
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Conclusion
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This study found the Forns score to be sensitive and specific in diagnosing liver cirrhosis in patients with
chronic hepatitis. The Forns score at a cutoff of 7.11 is highly sensitive as well as a specific noninvasive
method that can be used to ascertain the status of fibrosis in chronic hepatitis patients.
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Introduction
Liver cirrhosis is an irreversible and end-stage disease if underlying etiology is not treated in the early
stages. It is caused by chronic liver damage characterized by the replacement of normal liver tissue by
fibrosis, leading to the progressive loss of liver function [1]. The global prevalence of liver cirrhosis is around
1-2% [2,3]. The estimated one-year mortality rate is 1-57% depending on the disease stage [4]. The most
common causes of liver cirrhosis are alcohol-induced, non-alcoholic fatty liver disease (NAFLD), and
chronic viral hepatitis with 10-20% of the patients with chronic hepatitis C and 12-20% of the patients with
chronic hepatitis B progressing to liver cirrhosis worldwide [5,6]. Cirrhosis due to hepatitis C causes 0.5
million deaths every year [7,8].
Liver cirrhosis is one of the leading causes of mortality and frequent hospital admissions in developing
countries like Pakistan [9]. One of the major causes is the high prevalence of viral hepatitis in our
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population, along with a poor healthcare system, failure to screen blood before transfusion, unhygienic
clinical practices, poor infrastructure for infectious waste disposal, and limited access to healthcare facilities
[10]. All these factors lead to a high prevalence of chronic viral hepatitis progressing to liver cirrhosis, with
41-52% cases with hepatitis C virus (HCV) and 30% with hepatitis B virus (HBV) [2]. Making an early
diagnosis of cirrhosis is important for patients with chronic hepatitis because early and prompt initiation of
antiviral therapy can prevent the progression of cirrhosis and even induce regression [11,12].
Liver biopsy has remained the gold standard for diagnosis in liver fibrosis for years [13,14]. However, there
have been efforts to develop surrogate markers for liver cirrhosis as the biopsy is invasive, costly, difficult to
standardize, and is contraindicated in patients with bleeding disorders, coagulopathy, and ascites [15].
Several researchers have used a noninvasive biochemical scoring tool known as the Forns score globally. The
Forns score is calculated based on four parameters that include patient age, total cholesterol, gammaglutamyl transferase (GGT), and platelet count. It is useful as a baseline determination of liver fibrosis; for
monitoring changes in fibrosis over time: before, during, and after therapy or life-style modification; and as
an aid in determining the prognosis [16]. The current study aimed to assess the diagnostic accuracy of the
Forns score in identifying liver cirrhosis in patients of chronic viral hepatitis by taking FibroScan®
(Echosens, Paris, France) as the benchmark.

Materials And Methods
This was a cross-sectional study conducted from January to December 2018 among patients with chronic
viral hepatitis who were attending the FibroScan clinic at the Aga Khan University Hospital in Karachi,
Pakistan. The study was conducted after obtaining ethical approval from the Ethical Review Committee of
the Aga Khan University (ERC # Pat 5105). All patients (≥18 years of age) attending the FibroScan clinic were
screened, and those patients with chronic liver disease related to ethanol abuse/NAFLD/autoimmune liver
diseases/other common etiologies were excluded; patients with only viral hepatitis who agreed to sign the
informed consent were included in the study. Clinical and biochemical details were collected via a structured
questionnaire. The following biochemical parameters were noted: serum aspartate aminotransferase (AST),
alanine transaminase (ALT), albumin, bilirubin, and serological markers for hepatitis [hepatitis B surface
antigen (HBsAg) and antibodies to hepatitis C (anti-HCV)]. After receiving informed consent, 10 ml of
patients’ blood was drawn in serum separator tubes and ethylenediaminetetraacetic acid (EDTA) for serum
cholesterol, GGT, and platelet analysis. The samples were centrifuged at 3,000 RPM for 10-15 minutes.
Serum cholesterol and GGT were analyzed on a spectrophotometer using kits by Merck (Merck &
Co., Kenilworth, NJ) while platelet estimation was done on Sysmex XL 5000 (Sysmex Corporation, Kobe,
Japan). The Forns score was calculated based on the following four parameters: patient age, total
cholesterol, GGT, and platelet count. The Forns score equation used was as follows: [7.811 - 3.131 × ln
[number of platelets] × 0.781 ln [GGTP (U/L)] + 3.467 × ln [age (years)] - 0.014 [cholesterol (mg/dL)]\]. The
Forns score is unit-less [16].

Statistical analysis
SPSS Statistics version 21 (IBM, Armonk, NY) was used for data analysis. Medians with interquartile ranges
(IQR) were reported for skewed data, which included age (years), cholesterol (mg/dl), GGT (U/L), platelet
count (per microliter), FibroScan results, total alkaline phosphate (IU/L), ALT (IU/L), AST (IU/L), albumin
(g/dL), bilirubin total (mg/dL), and direct and indirect bilirubin (mg/dL). Frequencies and percentages were
computed for qualitative variables. The diagnostic accuracy of the Forns score with different cutoff points
was assessed by using the Area Under the Receiver Operating Curve (AUROC), which was reported on a
graph to show the sensitivity and specificity of the test. The overall accuracy of the test was assessed by
measuring the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
All analysis was done by a two-sided test with a 5% level of significance.

Results
A total of 90 patients who met the inclusion criteria were included in this study. The median age of the
patients was 38.5 years with an IQR of 21 years. In the study population, 59 (65.6%) were males and 31
(34.4%) were females. The majority had chronic hepatitis due to hepatitis C (anti-HCV reactivity) while
42.4% showed HBsAg reactivity. The proportion of HCV was observed to be higher as compared with that of
HBV. Nineteen patients were found to have jaundice, while two had hepatomegaly and only one patient had
ascites.
Median (IQR) values of the biochemical parameters of the study subjects are presented in Table 1.

2021 Bukhari et al. Cureus 13(4): e14477. DOI 10.7759/cureus.14477

2 of 5

Laboratory parameters

Median (IQR)

Cholesterol (mg/dL)

111.5 (66)

Gamma-glutamyl trasferase (U/L)

34 (63)

Platelet count (per microliter)

120 (230)

Total alkaline phosphatase (IU/L)

110 (47)

Alanine transaminase (IU/L)

48 (47.75)

Aspartate aminotransferase (IU/L)

39 (25)

Bilirubin total (mg/dL)

0.55 (0.5)

Direct bilirubin (mg/dL)

0.2 (0.2)

Indirect bilirubin (mg/dL)

0.3 (0.2)

Albumin (g/dL)

4 (1.05)

FibroScan (kPa)

6.85 (6.3)

TABLE 1: Biochemical and radiological parameters of study subjects (n=90) with liver cirrhosis
due to chronic viral hepatitis
IQR: interquartile range

The GGT levels were within the reference range in 36.7% (n=33) males as compared to females. Almost a
majority of the male patients were observed to have normal ALP (49.9%; n=44), while ALT and AST levels
were raised in all patients among both genders. Figure 1 shows an AUROC that was generated to determine
the diagnostic accuracy of the Forns score.

FIGURE 1: Receiver-operating characteristic curve of Forns score with a
cutoff of 7.11 in diagnosing the presence of liver cirrhosis against liver
FibroScan findings

It was observed that the Forns score value of >7.11 had an AUROC of 0.992 (95% CI: 0.9821-1.003, p-value:
<0.001) with a sensitivity of 100% (95% CI: 91.19-100.0%) and specificity of 94% (95% CI: 83.45-98.75%).
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Discussion
Liver cirrhosis is considered to be one of the leading causes of mortality and frequent hospital admissions in
developing countries [9]. In this current study, 70% of the study subjects suffered from liver cirrhosis due to
hepatitis C infection, whereas 30% had it due to hepatitis B. This is in agreement with the study by
Stefanescu et al. [17], where the most common cause of liver cirrhosis (49.78%) was chronic hepatitis C
infection. An early diagnosis of cirrhosis is important for patients with chronic hepatitis because early and
prompt initiation of antiviral therapy can prevent the progression of cirrhosis and even induce regression
[11,12]. Liver biopsy is the gold standard in assessing the status of fibrosis in patients with liver disease [18].
However, liver biopsy has certain limitations, as it is invasive, painful, costly, and ineffective in providing
details on mild liver diseases, especially those with a viral etiology [19].
To avoid the complications of invasive procedures, clinicians and investigators have been in search of
noninvasive biochemical investigations or indices with high sensitivity and specificity. Since most of the
chronic hepatitis patients are diagnosed at an early fibrosis stage, with mild fibrotic tissue on liver biopsy
not revealing many details, using a noninvasive approach is much needed to avoid invasive procedures.
Several investigators have studied many biomarkers to find an accurate serological marker for liver fibrosis
[17]. Several serological markers and imaging techniques have been studied by using platelet count [20],
ALT/AST ratio, prothrombin index, hyaluronate, macroglobulin, and haptoglobin to correctly identify HCVinfected patients with liver fibrosis [21].
FibroScan is an imaging technique that can be a good alternative to liver biopsy in the routine assessment of
significant fibrosis [13,14]. Hence, in this study, FibroScan was taken as a benchmark for comparison with
the Forns score, which is a noninvasive scoring method used for the assessment of liver cirrhosis. The
prediction accuracy depicted by the Forns score for significant fibrosis was noted to be between 50 and
85% in a study [18]. This scoring system was initially validated in HCV patients. Controversy still exists
regarding the cutoff values of the Forns score for diagnosing liver fibrosis in chronic liver disease patients. A
cutoff value of 4.2 was chosen to identify the presence of liver fibrosis by Forns et al. initially [18]. By
applying this cutoff, 45% of patients were identified with fibrosis, whereas, in other studies with a cutoff
value of 6.9 for significant fibrosis, 96% of patients were correctly labeled [22,23]. In another study by
Stefanescu et al., a Forns score cutoff of 7.3 was found with an AUROC of 0.648 for the diagnosis of liver
cirrhosis [17]. In our study, a Forns score of >7.11 had an AUROC of 0.9928 (95% CI: 0.9821-1.003, p-value:
<0.001*) with 100% sensitivity and 94% specificity.
There are certain limitations to this study. Firstly, it was a single-center study with a small sample size in
which the viral load with the genotype of the subjects studied was not known. Secondly, it was not a
longitudinal study; the progression of the disease and its association with the Forns score was not studied.
The liver biopsy was not taken as the gold standard to calculate the diagnostic accuracy of the Forns score.

Conclusions
This study found that the Forns score is a sensitive and specific noninvasive method that can be used to
ascertain the status of fibrosis in chronic hepatitis patients. However, it has been found that most of the
noninvasive markers are inconclusive in patients with early fibrosis. Hence, further studies are required
including patients with other etiologies of fibrosis and cirrhosis as well. We also recommend comparing
noninvasive markers with liver biopsy and correlating it with the grades of fibrosis in our population.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Ethical Review
Committee of the Aga Khan University Hospital issued approval 5105-Pat-ERC-17. This study was approved
by the Ethical Review Committee of the Aga Khan University Hospital. Reference number: 5105-Pat-ERC-17
. Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1.

2.
3.

Gressner OA, Weiskirchen R, Gressner AM: Biomarkers of liver fibrosis: clinical translation of molecular
pathogenesis or based on liver-dependent malfunction tests. Clin Chim Acta. 2007, 381:107-13.
10.1016/j.cca.2007.02.038
Byass P: The global burden of liver disease: a challenge for methods and for public health . BMC Med. 2014,
12:159. 10.1186/s12916-014-0159-5
Lee MH, Cheong JY, Um SH, et al.: Comparison of surrogate serum markers and transient elastography

2021 Bukhari et al. Cureus 13(4): e14477. DOI 10.7759/cureus.14477

4 of 5

4.
5.
6.

7.

8.
9.
10.
11.
12.
13.

14.
15.
16.

17.

18.
19.
20.

21.

22.

23.

(Fibroscan) for assessing cirrhosis in patients with chronic viral hepatitis. Dig Dis Sci. 2010, 55:3552-60.
10.1007/s10620-010-1219-0
Tsochatzis EA, Bosch J, Burroughs AK: Liver cirrhosis. Lancet. 2014, 383:1749-61. 10.1016/S01406736(14)60121-5
Mokdad AA, Lopez AD, Shahraz S, et al.: Liver cirrhosis mortality in 187 countries between 1980 and 2010: a
systematic analysis. BMC Med. 2014, 12:145. 10.1186/s12916-014-0145-y
Murray CJ, Vos T, Lozano R, et al.: Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012,
380:2197-223. 10.1016/S0140-6736(12)61689-4
Lozano R, Naghavi M, Foreman K, et al.: Global and regional mortality from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012,
380:2095-128. 10.1016/S0140-6736(12)61728-0
Wedemeyer H, Dore GJ, Ward JW: Estimates on HCV disease burden worldwide - filling the gaps . J Viral
Hepat. 2015, 22:1-5. 10.1111/jvh.12371
Memon MS, Zaki M: Burden of chronic liver disease and liver transplantation in Sindh . JLUMHS. 2013, 12:12.
Ali SA, Donahue RM, Qureshi H, Vermund SH: Hepatitis B and hepatitis C in Pakistan: prevalence and risk
factors. Int J Infect Dis. 2009, 13:9-19. 10.1016/j.ijid.2008.06.019
Poordad F, Lawitz E, Kowdley KV, et al.: Exploratory study of oral combination antiviral therapy for hepatitis
C. N Engl J Med. 2013, 368:45-53. 10.1056/NEJMoa1208809
Shrivastava S, Steele R, Ray R, Ray RB: MicroRNAs: role in hepatitis C virus pathogenesis . Genes Dis. 2015,
2:35-45. 10.1016/j.gendis.2015.01.001
Lichtinghagen R, Pietsch D, Bantel H, Manns MP, Brand K, Bahr MJ: The Enhanced Liver Fibrosis (ELF)
score: normal values, influence factors and proposed cut-off values. J Hepatol. 2013, 59:236-42.
10.1016/j.jhep.2013.03.016
Parikh P, Ryan JD, Tsochatzis EA: Fibrosis assessment in patients with chronic hepatitis B virus (HBV)
infection. Ann Transl Med. 2017, 5:40. 10.21037/atm.2017.01.28
Fernandes FF, Ferraz ML, Andrade LE, et al.: Enhanced liver fibrosis panel as a predictor of liver fibrosis in
chronic hepatitis C patients. J Clin Gastroenterol. 2015, 49:235-41. 10.1097/MCG.0000000000000128
Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, Lok AS: A simple
noninvasive index can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C.
Hepatology. 2003, 38:518-26. 10.1053/jhep.2003.50346
Stefanescu H, Grigorescu M, Lupsor M, et al.: A new and simple algorithm for the noninvasive assessment of
esophageal varices in cirrhotic patients using serum fibrosis markers and transient elastography. J
Gastrointestin Liver Dis. 2011, 20:57-64.
Forns X, Ampurdanès S, Llovet JM, et al.: Identification of chronic hepatitis C patients without hepatic
fibrosis by a simple predictive model. Hepatology. 2002, 36:986-92. 10.1053/jhep.2002.36128
Saadeh S, Cammell G, Carey WD, Younossi Z, Barnes D, Easley K: The role of liver biopsy in chronic
hepatitis C. Hepatology. 2001, 33:196-200. 10.1053/jhep.2001.20534
Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou Y, Poynard T; MULTIVIRC Group: Biochemical
markers of liver fibrosis in patients with hepatitis C virus infection: a prospective study. Lancet. 2001,
357:1069-75. 10.1016/S0140-6736(00)04258-6
Poynard T, Bedossa P: Age and platelet count: a simple index for predicting the presence of histological
lesions in patients with antibodies to hepatitis C virus. METAVIR and CLINIVIR Cooperative Study Groups. J
Viral Hepat. 1997, 4:199-208. 10.1046/j.1365-2893.1997.00141.x
Macías J, Girón-González JA, González-Serrano M, et al.: Prediction of liver fibrosis in human
immunodeficiency virus/hepatitis C virus coinfected patients by simple non-invasive indexes. Gut. 2006,
55:409-14. 10.1136/gut.2005.065904
El-Shabrawi MH, Isa M: Noninvasive methods to evaluate liver fibrosis in chronic HCV infection . Hepat
Mon. 2011, 11:758-9. 10.5812/kowsar.1735143X.711

2021 Bukhari et al. Cureus 13(4): e14477. DOI 10.7759/cureus.14477

5 of 5

